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Descriptl n 

The present invention relates to an aqueous emulsion, and more particularly to an aqueous emulsion which is 
excellent in high speed application properties, water-resistant adhesion properties and low-temperature stability. 

5 Polyvinyl alcohol (hereinafter referred to as PVA) has heretofore t^een commonly used as a protective colloid for 

emulsion polymerization of ethytenically unsaturated monomers, particularly vinyl esters such as vinyl acetate. Aqueous 
emulsions containing as the dispersoid polyvinyl ester which is obtained In enulsion polymerization using PVA as the 
protective colloid has a very wide range of use as an adhesive for paper, wood arKi plastics: as a binder for impregnated 
paper, non-woven fabric product: and for many other uses such as mortar additive, mortar interlaminar bonding binder. 

10 and paints and in paper and fber processing. 

PVAs used as a dispersant for emulsion polymerization are classified into a "completely hydrolyzed PVA" with a 
degree of hydrolysis of approximately 98 nfK3l% eind a "partially hydrolyzed PVA" with a degree of hydrolysis of approx- 
imately 88 mol%. Emulsions obtained in emulsion pxXymerization using the completely hydrolyzed PVA as dispersant 
have relatively high water resistance and f lowability (high speed application property). Aqueous enxilstons of this type 

15 are. however, are defective in that their viscosity radically increases when left standing at low temperatures and that 
they are easily subject to gelation. Enmlsions obtained in emulsion polymerization using the partially hydrolyzed PVA 
as dispersant, on the other harKi, are inproved in terms of viscosity increase that may occur when left standing at low 
temperatures or in terms of gelation tendency, but they are irrferior in water resistance when used as a coating agent 
and in flowabillty (induding viscosity fluctuation due to changes in the application speed and splashing of the liquid at 

20 higher application speed). 

In order to otTviate the problems encountered in the prior art there have been proposed combined use of PVAs with 
different degrees of hydrolysis or use of PVA of which degree of hydrolysis is internnediate between completely hydrolyzed 
and partially hydrolyzed. However, there is no PVA that satisfies various requirements all at once, such as water resist- 
ance as a coating material, high speed application property, less temperature-dependent emulsion viscosity arKi low- 

25 temperature stat>ility. Addition of urea resin and various cross-linking agents to emulsions obtained by emulsion polym- 
erization using partially hydrolyzed PVA as the dispersant has been proposed to improve the water resistance of the 
resultant coating. This improves the water resistance of the coating to a certain extent but entails a prok)lem of inferior 
work efficiency due to increased viscosity. It is also known to use a dispersant of nxxlified PVA containing 1 to 10 mol% 
of a-olein unit with a number of cartx^n atoms of 4 or less in order to improve the water resistance of the coating and 

30 the less temperature-dependent emulsion viscosity. However, an aqueous emulsion which is excellent both in water 
resistance and flowabillty (high speed application property) has never been made available (JPA Laid-open No. 80709, 

^ ^ / It is therefore an object of the present invention to provide an aqueous emulsion with excellent f lowability (high speed 
application property), water resistant adhesion property arxi tow-temperature stability while maintaining the advanta- 
35 geous features of an aqueous emulsion containing PVA as protective colloid such as high viscosity, excellent mechanical 
stability, excellent work efficiency and high initial adhesive strength. 

Another ot^ect of the present invention is to provide an adhesive with particularly good water resistance. Still another 
object is to provkie a dispersant for emulsion polymerization for producing sakj aqueous emulsion having excellent 
^physical properties. 

40 This object has been solved by an aqueous emulsion comprising a dispersant of a modified PVA with an ethylene 
unit content of 2 to 9 mol% and a degree of hydrolysis of at least 95 mol%, a dispersoid of a polymer of an ethytenically 
unsaturated monomer, and a ratio {r\ 2rpmAt 20rpm) of Brookf ield viscosity at 30''C. 2 rpm {r\ 2rpm) as against Brookf ieki 
viscosity at SO^'C, 20 rpm {r\ 20rpm) being 1 to 1 .8 when the latter viscosity (r\ 20rpm) is adjusted at 5,000 to 10,000 
mPa S (millipascal second); an adhesive comprising saki aqueous emulsion; and a cfispersant for emulsion polymeri- 
as zation of an ethylenicaliy unsaturated monomer comprising a modified PVA with an ethylene unit content of 2 to 9 mol% 
and a degree of hydrolysis of at least 95 mot%. 

The modified PVA to be used as a dispersant in the present invention has an ethylene unit content of 2 to 9 mol% 
(preferably 3 to 8 nx>l%) and a degree of hydrolysis of at least 95 mot% (preferably 95 to 99.5 mof%. and still more 
preferak}ly 96 to 99.5 mol%). In case the ethylene unit content is less than 2 mot%. water resistance and low-temperature 
so stability of coating decreases, whereas if tiie ethylene unit content is set at more than 9 mot%. water solubility decreases 
and resultant aqueous emulsion lacks stability. In case the degree of hydrolysis is less than 95 mol%, fknvability and 
water resistance of coating decrease, whereas if the degree of hydrolysis is more than 99.5 nnol%. emulsion polymeri- 
zation t>ecomes difficult and the resultant aqueous emulsion will have poor low-tenrperature stability. The viscosity- 
av rage degree of polymerisation (hereinafter referred to as degree of polymerization) of the modified PVA is preferably 
55 100 to 8.000 and more preferably 300 to 3,000. If the degree of polymerization is less than 100. the modified PVA will 
fail to properly function as a protective collokl. while if the degree of polymerization is more than 8,000, it becomes 
difficult to produce the modified PVA on an industrial scale. 

In ot>taining the aqueous emulsion according to the present invention, interfactat activity of the modified PVA to be 
used as the dispersant plays an important role, and thus the surface tension of an aqueous solution of the modified PVA 
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at 1 wetgh1% (20''C) needs to be 52 to 61 dyne/cm. In case the surface tension is more than 61 dyne/cm, the interlacial 
activity decreases and the resultant errujision lacks stability, if the surface tension is less than 52 dyne/cm, the interfacial 
activity becomes excessively high, making it impossible to obtain an emulsion with good f lowability. 

The above mentioned modified PVA is used as the dispersant for the aqueous emulsion according to the present 
5 invention, and conventional anonic, nonionic or cationic surfactants. PVA arxi hydroxyethyl cellulose may be used in 
combination so long as the effect of the present invention is not impaired. 

The modified PVA according to the present invention is obtained by hydrolysis of a copolymer of vinyl ester and 
ethylene. Examples of vinyl ester include vinyl formate, vinyl acetate, vinyl propionate and vinyl pivalate. but vinyl acetate 
is preferred. 

10 The modified PVA according to the present invention may be a copolymer of ethylenically unsaturated monomer so 
long as the effect of the present invention is not impaired. Examples of such ethylenically unsaturated monomer include 
acrylic acid, methacrylic acid, (anhydrous) phthalic add. (anhydrous) maleic acid, (anhydrous) itaconic acid, acrylonitryl. 
methacrylonitril. acrylamide. methaayfamide. trimethyl-(3-acryfamide^-dimethylpropyl)-amnx)nium chloride, acryla- 
mide-2-methylpropane sulfonate arxJ the sodium salt thereof, ethylvinyl ether, butylvinyl ether, N-vinyl pyrrolidone. vinyl 

75 chloride, vinyl bromide, vinyl fluoride, vinylidene chloride, vinylidene fluoride, tetraf luoroethylene. vinyl sodium sulfonate, 
and aryl sodium sulfonate. 

It is also possible to use an end group modified PVA which is obtained by copolymerization of vinyl ester monomer 
with ethylene in the presence of a thiol compound such as thiolacetic acid and mercaptopropionic acid and by subsequent 
hydrolysis. 

20 According to the present invention, niodrfication of PVA is most preferably achieved using ethylene alone. In case 
modified PVA of the present invention is to be further modified using comonomers other than ethylene, it is preferable 
that the content of said comonomer is less than 1 mol%. more preferably less than 0.5 nrK)l% and still more preferably 
less than 0.1 mol%. 

Various types of polymers may be used as ethylenically unsaturated monomer as the dispersoid of the present 

25 invention. Preferable examples of ethylenically unsaturated monomer as the starting material for the polymer dispersoid 
include olefins such as ethylene, propylene and tsobutylene; halogenated olefins such as vinyl chtoride. vinyl fluoride, 
vinylidene chloride, and vinylidene fluoride; vinyl esters such as vinyl formate, vinyl acetate, vinyl propionate, and vinyl 
versatate; acrylic esters such as acrylic add, methacrylic acid, methyl acrylate. ethyl acrylate, txityl acrylate, acrylate- 
2-ethylhexyl, dodecyl acrylate, and acrylate-2-hydroxyethyl; methacrylic esters such as methyl methacrylate, ethyl meth- 

30 acrylate. butyl methacrylate. methacrylate-2-ethylhexyl. dodecyl methacrylate, and methacrylate-2-hydroxyethyl; 
dimethyiamlnoetttyl acrylate. dimethylaminoethyl methacrylate and quaternary compounds thereof; monomers of aery- 
lamide such as acrylamide, methacrylamide, N-methytolacrylamide. N.N-dimethylacrylamide. acrytamide-2-methylpro- 
pane sulfonate and sodium salts thereof; monomers of styrene such as styrene, a-metfiylstyrene, p-styrene sulfonate 
and sodium or potassium salts thereof; N-vinyl pyrrolidone; and monomers of diene such as butadiene . isoprene. arxi 

35 chloroprene. These monomers may be used alone or in combination of two or more. 

Anx>ng the ethylenically unsaturated monomers listed above, vinyl esters. (metha)acrylic esters and monomers of 
styrene arxJ diene are preferable, particularly vinyl esters used alone, and combinations of ethylene and vinyl ester and 
of vinyl ester and (metha)acrylic ester. 

When the Brookfield viscosity at 30'C, 20 rpm {r\ 20rpm) is adjusted to 5.000 to 10,000 mPa S, the ratio (n 2rpm/n 

40 20rpm) of the Brookfield viscosity at 30**C. 2 rpm (ti 2rpm) as against the Brookf ieW viscosity at 30»C. 20 rpm (q 20rpm) 
is preferably 1 to 1.8 (preferat^y 1 to 1 .4 arKl more preferably 1 to 1 .3). If the ratio (n 2rpm/n 20rpm) (hereinafter referred 
to as the structural viscosity) is greater than 1 .8, coating weight may fluctuate excessively when the speed of emulsion 
application changes, resulting in decreased water resistance of the coating. It is noted that when the Brookfield viscosity 
is within the range of 5,000 to 1 0.000 mPa*S, the structural viscosity value is substantially uniform. It is therefore sufficient 

45 for the present invention that said value is 1 to 1 .8 at least at one point within said viscosity range. 

The following method may be employed to adjust the Brookfield viscosity at 30*C, 20 rpm {r\ 20rpm) to fall within 
the range of 5,000 to 10.000 mPa S in order to measure the structural viscosity of the aqueous emulsion according to 
the present invention. 

so (1) When the aqueous emulsion has Ngh viscosity: 

Water is added to dilute the aqueous emulsion while its corKentration and viscosity are being measured. Viscosity 
as relative to the concentration is determined, and the viscosity is adjusted to a desired level. 
(2) When the aqueous emulsion has low viscosity: 

The aqueous emulsion is concentrated in a reduced pressure evaporator while its concentration and viscosity are 
55 being measured. 

Viscosity as relative to the concentration is determined, and the viscosity is adjusted to a desired level. 

The Brookfield viscosity at 30'>C. 20 rpm of 5.000 to 10.000 mPa S specified In the present invention is a standard 
value for aqueous emulsions used on industrial scale. 
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Concentration of the solid content in the aqueous emulsion is nornnally 40 to 60 weight% (preferably 45 to 55 wt%)» 
arid the particle diameter of the dispersoid is 0.01 to 5 \im (preferably 0.1 to 3 ^m). 

The aqueous emulsion of the present invention can be obtained by emulsion polymerisation of ethylenically unsatu- 
rated monomer using said modified PVA as dispersant the polymerization process including the steps of adding either 
in one charge or continuously (preferably continuously) the ethylenically unsaturated monomer in the presence of known 
polymerizati n initiator, (t is also possibi to subject the ethylenically unsaturated monomer to preliminary emulsif rcation 
using an aqueous solution of the modified PVA of the presern invention and then continuously add the resultant emulsion 
to the polymerization system. 

There is no specific limit to the amount of modified PVA to be used as a dispersant. but it is preferably 1 to 30 parts 
by weight and more preferaUy 2 to 20 wt parts as against 1 00 parts by weight of the ethylenically unsaturated monomer. 
If the amount of modified PVA falls outside said range of 1 to 30 parts by weight, polymerization stability is deteriorated 
and the initial adhesion strength and water resistant adhesion property may deteriorate. 

Afthough the aqueous emulsion according to the present invention may be used as it Is, various types of prior art 
emulsions in combination with the present invention ennulsion may be used to suit the need so long as it will not impair 
the effect of the present invention. 

Explanation will now follow regarding adhesives for which the aqueous emulsion of the present invention is best 
suited. 

The adhesive according to the present invention basically conrprises the aqueous emulsion mentioned above, but 
various additives commonly used for adhesives may suitably be combined to adjust the drying and setting performances, 
viscosity, and film forming property. Examples of such addition include various organic solverrts such as toluene, tetra- 
chloroethylene. dichlorobenzene, and trichlorobenzene; water soluble polymers such as starch, nxxiified starch, oxidized 
starch, sodium alginate, cartx)xym ethyl cellulose, methyl cellulose, hydroxymethyl cellulose, and copolymers of maleic 
anhydride and tsobutene, of maleic anhydride and styrene and of n^leic anhydride and methyl vinyl ether; and thermo- 
setting resins commonly used as an adhesive such as urea-formalin resin, urea-melamtne-formalin resin, and phenol- 
Ibrmalin resin. 

Various other additives may also be suitably used in the adhesive according to the present invention. TTiey include 
fillers such as clay, kaolin, talc, calcium cartx}nate and wood meal; extenders such as flour; reaction accelerators such 
as boric acid and aluminum sulfate; pigments such as titanium oxide, as well as defoanning agents, dispersants. anti- 
freezing agents, preservatives, and anti-oorrosion agents. 

The aqueous emulsion according to the present invention is excellent in structural viscosity (f lowability and high 
speed application property), and water resistance and low-temperature stability of the coating. It offers a wide range of 
uses such as adhesive for paper, wood work and plastics; binders for impregnated paper and non-woven fabric products; 
admixtures and binders for mortar, arxi in paper arxi fiber processings. 

EXAM P U^S 

The present invention will now be described in more detail by way of examples and comparative examples. Unless 
otiienvise specified, the terms "pail" and used in the following description shall mean a value based on the weight. 
The structural viscosity (high speed application property, shear rate-dependent enrulsion viscosity), water resistant adhe- 
sion property and low-temperature stability of the enrulsion obtained were evaluated in accordance with the methods 
described below. 

(1) Structural viscosity 

The Brookfield viscosity at 30*'C. 20 rpm was adjusted to fall within the range of 5,000 to 10.000 mPa S by adding 
water to the emulsion if the viscosity was high, or alternately by concentrating the emulsion in a reduced pressure 
evaporator if the viscosity was low. 

The Brookf iekl viscosity values at 30*C, 2 rpm (r\ 2rpm) and at 30*C, 20 rpm {r\ 20rpm) were measured using the 
Brookfield viscometer. The structural viscosity value was obtained from the following equation. 

Structural viscosity value of the aqueous emulsion = h 2rpnn/h 20rpm 

Enmjlsions having a structural viscosity value ( 2rpm/ 20rpm) of 1 to 1 .8 are excellent in application property and 
facilitate high speed application. 

(2) water resistant adhesion property 

A composition was prepared by compour>ding 10 parts of dtbutyt phthalate into the aqueous emulsion of 100 parts 
of its solid content. The composition was applied on a sheet of liner paper lor the amount of 50 g/m^ (amount of application 
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in wet state) using a bar coater. The liner paper was pasted with another sheet of the same kind of paper, gently pressed 
with a hand roller for adhesion and left for curing for 24 hours at 20^*0 and at the relative hunrudity (RH) of 65% to obtain 
a test specimen. 

The specimen was immersed in water at 30^*0 for 24 hours and then peeled off according to the method of T-peel. 
5 The water resistant adhesion property was evaluated by observation of the peeled surface. 
The result is indicated by the following marks: 

© : At more than 75% of the adhesion area, the liner paper was broken 

O : At 20 to 50% of adhesion area, the liner paper was broken 

10 A : Only ply separation at the adhesion layer was observed 

X : Spontaneous peeling (peeling occurred without any stress) 

(3) Low-temperature stability 

75 Viscosity of the aqueous emulsion was adjusted to the level used for the measurement of the structural viscosity. 

The emulsion was charged in a 100 ml glass sample tube arKi left standing at 0*^0 for one day Viscosity of the emulsion 

after being left standing at 0**C for one day (ti Odeg) was measured, and its ratio as against the viscosity at 30*^0 before 

being left starxiing at 0**C (n 30deg) was calculated; the viscosity inaease ratio at low temperature « x\ Odeg/n SOdeg. 

Measurement was conducted at O^'C. 20 rpm and 30**C. 20rpm using a Brookf ieM viscometer. 
20 The result is indicated by the following marks: 

@ : x) Odeg/n 30deg ° 5.5 to 6.4 

O: ^ OdegAi SOdeg = 7 to 10 

a: Odeg/ SOdeg = 11 to 19 

X: Odeg/ SOdeg £ 20 

25 

(4) Surfece tension 

A 1% aqueous solution of the modified PVA was prepared arxJ left standing at 20*^0 for 60 minutes arx! the surface 
tension was measured by Wilhelmy*s method (the plate method). 

30 

Exanple 1 

(Production of ethylene modified PVA) 

35 Into a 1 00 liter high pressure reaction vessel provided with a stirrer, inlet ports for nitrogen, ethylene arvJ an initiator 
were charged 50 kg of vinyl acetate and 9.2 kg of methanol and the system was heated to SO^'C. The reaction was 
carried out after nitrogen was but)bled for 30 minutes. Ethylene was then charged until the pressure of the reaction 
vessel reached 6 kg/cm2. A solution containing 2.2 -azobis(4-methoxy-2,4-dlmethylvaleronitrile) with the concentration 
of 1 .4 g/liter was prepared as an initiator, which was subjected to nitrogen bubbling. After the inner temperature of the 

40 vessel was adjusted to 60^C. 56 ml of the initiator solution was charged to initiate polymerization. Throughout the polym- 
erization process, ethylene was introduced to maintain the pressure of the vessel at 6 kg/cmf2 arxj the polymerisation 
tenrperature at 60*C. The initiator solution was continuously added to the system at the rate of 1 80 mt/hr. Polymerization 
reaction was suspended after six hours when the conversion reached 40% by cooling the system. The reaction vessel 
was adjusted to the normal pressure to eliminate ethylene. Nitrogen gas was but>bled into the system to completely 

4S remove ethylene. Unreacted vinyl acetate monomer was removed under a reduced pressure to obtain a methanol solu- 
tion. A methanol solution of nrxKlrf ied polyvinyl ester (PVAc) adjusted to 20% was added with a NaOH methanol solution 
(10% concentration) with the nrx)le ratio of 0.05 to give rise to hydrolysis. The degree of hydrolysis of the resultant modified 
PVA was 98.0 mol%. Surface tension of the 1% aqueous solution of the modified PVA was measured to be 57.9 dyne/cm 
at 20*0. 

50 A methanol solution of the modified PVAc obtained by removing the unreacted vinyl acetate monomer was precip- 
itated using n-hexane and then dissolved with acetone for re-precipitation-refining. The procedure was repeated for three 
times. Refined modified PVAc was then obtained by drying under reduced pressure at 60*0. Ethylene unit content was 
5.5 nK)t% when measured based on alkali consumption of the modified PVAc. Methanol solution of the nxxJified PVAc 
was hydrolyzed at the altali mole ratio of 0.2, subjected to Soxhiet exti'action witti methanol for three days and dried to 

55 obtain refined nrxxlified PVA, Degree of polymerization of the nrxxiified PVA was 1.400 when measured according to 
JIS-K6726. The melting point of the nrxxlified PVA was 224*^0. 
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(Emulsion polymerisation of vinyl acetate) 

/ ^ Into a 5-liter glass lining polymerization vessel provided with a reflux condenser, a dropping funnel, a thernx)meter. 
and a nitrogen inlet port were charged 1 .400 g of ion-exchanged water and 225 g of ethylene-modif ied PVA (degree of 

5 polymerization: 1 .400; degree of hydrolysis: 98.0 mol%: ethylene unit content: 5.5 mol%). and the resuttarrt mixture was 
conpletely dissolved at 95''C. The aqueous solution f the modified PVA was cooled and adjusted to pH 4, added with 
0.05 g of ferrous chloride, bubbled with nitrogen, charged with 350 g of vinyl acetate under agitation at 140 rpm, and 
then heated to 60**C. Aqueous solution of 0.7% hydrogen peroxide and aqueous solution of 6% Rongalit were continu- 
usiy added at 15 ml/hr and at 10 ml/hr respectively during polymerization at a temperature between 70 and 80'*C. After 

10 30 minutes from the start of polymerization. 1,400 g of vinyl acetate was added continuously for three hours. Upon 
completion of addition, the inner temperature of the system was maintained at SO^C for one hour to complete the polym- 
erization. Stable aqueous emulsion of polyvinyl acetate with the solid concentration of 50.4% ard viscosity of 23.000 
mPa*S was obtained. The viscosity of the aqueous emulsion at SO^'C. 20 rpm was adjusted to fall within the range of 

(by 5,000 to 10.000 mPa'S. and the structural viscosity value and the low-temperature stability were evaluated. 

IS The results are shown in Tables 1 and 2. 

Examples 2 to 8 

Emulsion polymerization of vinyl acetate was conducted in the same manner as described in Example 1 except that 
20 the dispersant and the polymerization corxiitions listed in Table 1 were employed. The resultartt aqueous emulsion was 
evaluated, the results are shown in Tables 1 and 2. 

Example 9 

25 Into a 1 -liter glass lining polymerization vessel provided with a reflux condenser, a dropping funnel, a thermometer. 
arKi a nitrogen inlet port were charged 400 g of ion-exchanged water and 40 g of ethylene-ntodified PVA (degree of 
polymerization: 1 .400; degree of hydrolysis: 98.5 mol%; ethylene unit content: 4.5 mot%), and the resultant mixture was 
completely dissolved at 95''C. The aqueous solution of the modified PVA was cooled, bubbled with nitrogen, added with 
40 g of vinyl acetate under agitation at 140 rpm. and then heated to 60*'C. Polymerization reaction was initiated in the 

30 presence of a redox initiator of hydrogen peroxide and tartaric add. After 15 minutes from the start of polymerization, 
360 g of vinyl acetate was continuously added for three hours to complete the polymerization. Stable aqueous emulsion 
of polyvinyl acetate with the solid concentration of 50.4 % and viscosity of 4.500 mPa-S was obtained. Results of eval- 
uation are shown in Tables 1 and 2. 

35 Example 10 

Ethylene modified PVA (degree of polymerization: 1 750; degree of hydrolysis: 98.7 mol%; ethylene unit content: 3.0 
mol%) weighing 21 g was dissolved in 290 g of ion-exchanged water by heating. The mixture was charged into a high 
pressure autoclave provided with a nitrogen inlet port and a thermometer. After adjusted to pH4 writh dilute sulfuric add, 

40 the system was added with 300 g of vinyl acetate. Ethylene pressure was raised to 45 kg/cm|2G (amount of ethylene 
copolymerlzed corresponds to 60 g). After the temperature was raised to eO'^C, polymerization was started using a redox 

initiator of hydrogen peroxide and Rongalit. After two hours when the concentration of residual vinyl acetate reached 

0.6 %, the polymerization was terminated. Stable aqueous emulsion comprising copolymer of ethylene and vinyl acetate 
with the solid concentration of 52.6% arxi viscosity of 6,300 mPa*S was obtained. Results of evaluation of the aqueous 

45 emulsion are shown in Tables 1 and 2. 

Example 1 1 

Into a 1 -liter glass polymerization vessel provided with a reflux condenser, a dropping funnel, a thermometer and a 
so nitrogen inlet port were charged 400 g of ion-exchanged water and 36 g of ethylene modified PVA (degree of polymer- 
ization: 1.000; degree of hydrolysis: 95.0 mol%: ethylene content: 6.0 mol%), the resultant mixture was completely 
dissolved at 95*'C. This aqueous solution of the nKxJif ied PVA was subsequently cooled and butJbled with nitrogen before 
added with 32 g of vinyl acetate and 8 g of n-butyl acrylate. The system was heated to 70*C. and polymerization was 
started using potassium persuHate as the initiator. After heat generation due to polymerization was confirmed. 288 g of 
55 vinyl acetate and 72 g of n-butyl acrylate were continuously added in three hours to conplete the polymerisation. Stable 
aqueous emulsion of copolymer comprising vinyl acetate and n-butyl acrylate was obtained with the solid concentration 
of 50.5 % and viscosity of 2.000 mPa*S. 
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Comparative Examples 1 to 12 

Emulsion polymerization was conducted in the same manner as described for Example 1 except that th dispersant 
and polymerization conditions listed in Table 3 were employed. Resultant aqueous ennulsions were evaluated. The results 
s are shown in Tables 3 and 4. 

Examples 9A to 11 A 

In Examples 9A through 11 A. aqueous enuilsions obtained in Examples 9 through 1 1 respectively were evaluated 
10 for their performances as adhesive for paper, wood work and plastics using the methods described below. The results 
are shown in Tables 5 through 7. 

(1) Performance as adhesive for paper 

IS Using a bar ooater. 20 g/m2 (wet weight of application) each of the adhesives was applied on a sheet of kraft paper 
and pasted with another sheet of paper of the same kind. Test specimen was prepared by lightly pressing the bonded 
sheets of paper with a hand roller for adhesion and curing the same for 24 hours at 20''C and the relative humkiity (RH) 
of65%. 

20 * Water resistance test (boiling test): 

The specimen was cut into 25 mm wkJe strips. Portions of the sheets of paper where no adhesive was applied 
opened. One end of one of the sheets was fixed and an end of the other sheet was attached with a weight of lOg. The 
specimen was immersed in boiling water for 10 minutes and measured for the length the sheet of paper peeled off. 

25 

(2) Performance as adhesive for wood work 

Test specimen was prepared by tx}nding sheets of wood (birch tree) under the following corxiitions to evaluate the 
performance as adhesive for wood. 

30 

[Bonding conditions] 

Material used: birch - birch (straight grain), water content 8% 
Amount applied: 1 50 g/m? (applied on both surfaces) 
35 Open time: one minute 

Compression: 20''C. 24 hours. 10 kg/cm^ 

[Measurement conditions] 

40 Compressive Shear Strength Test according to JIS K-6852 

* Strength under normal state: 

Specimen was cured at 20*^0 for seven days and then tested according to JIS K-6852 

45 

* Strength after immersion in water: 

Specimens were cured at 20**C for seven days, immersed in water at 20''C for three hours, and tested while still wet. 

so * Strength after immersion in hot water: 

specimen was cured at 20^*0 for seven days, immersed in hot water at 60*^0 for three hours, cooled in water at 20**. 
and then tested while wet 

55 (3) Performance as adhesive for plastics 

Specimen was prepared by bonding a sheet of paper with a sheet of polypropyrene (PP) film and tested urKler the 
fbtlowing conditions. 



7 



EP 0 692 494 A1 

[Adhesion condftions] 

Material used: kraft paper - oriented polypropyrene (OPP) film (20 ^m) 
Amount applied: 30 g/niz 
5 Open time: 0 minute 

Compression: Lightly compressed using a rubber t^and roller 

[Measurement conditions] 

10 * Strength under normal state: 

Specimen was cured at ao^'C for seven days, manually peeled off and ol^erved 

IS 
20 
25 
30 
35 
40 
45 
SO 
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* Water resistance: 

Specimen was cured at 20^*0 lor seven days, inrvnersed in water at 20<'C for 24 hours, manually peeled off and tested. 
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Tables 



Performance as Adh sive for^aper (boiling test) (mm) 



Example 9A 
Example 10A 
Example 11 A 



0 
0 
0 



Table 6 



Performance as Adhesive for Wood (adhesion strength) (kg/cmZ) 




normal state 


water resistance 


hot water resistance 


Exanrple 9 A 


115(40) 


65(15) 


40 (5) 


Example lOA 


95 (35) 


60(10) 


45 (5) 


Exanrple 11A 


90 (30) 


55(15) 


35 (5) 


The figure in parentheses indicates the percentage of adhesion area where wood was broken. 



Table? 



Performance as adhesive for plastics 




normal state 


water resistance 


Example 9A 
Example 10A 
Example 1 1 A 


partly broken 
partly broken 
partly broken 


partly broken ^) 
partly broken ^) 
partly broken ^5 



1) Kraft paper was broken in some part of adhesion 



area. 



Claims 



1 . An aqueous emulsion comprising a dispersant of a modified polyvinyl alcohol with an ethylene unit content of 2 to 
9 mol% and a degree of hydrolysis of at least 95 mol%, a dispersoid of a polymer of an ethylenically unsaturated 
monomer, and a ratio {i\ 2rpnnAn 20rpm) of Brookf ieW viscosity at 30*C, 2 rpm {r\ 2rpm) as against BrookfieW viscosity 
at 30»C. 20 rpm (ri 20rpm) being 1 to 1 .8 when the latter viscosity (n 20rpm) is adjusted to 5,000 to 10,000 mPa-S. 

2. An adhesive comprising an aqueous emulsion according to claim 1 . 

3. A dispersant for emulsion polymerization of ethylenically unsaturated monomer comprising a nrxxJified polyvinyl 
alcohol with an ethylene unit content of 2 to 9 mol% and a degree of hydrolysis of at least 95 mol%. 
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